Posterior pedicle screw fixation has become a popular method for treating thoracolumbar burst fractures. However, it remains unclear whether additional fixation of more segments could improve clinical and radiological outcomes. This meta-analysis was performed to evaluate the effectiveness of fixation levels with pedicle screw fixation for thoracolumbar burst fractures. MEDLINE, EMBASE, the Cochrane Central Register of Controlled Trials, Springer, and Google Scholar were searched for relevant randomized and quasirandomized controlled trials that compared the clinical and radiological efficacy of short versus long segment for thoracolumbar burst fractures managed by posterior pedicle screw fixation. Risk of bias in included studies was assessed using the Cochrane Risk of Bias tool. Based on predefined inclusion criteria, Nine eligible trials with a total of 365 patients were included in this meta-analysis. Results were expressed as risk difference for dichotomous outcomes and standard mean difference for continuous outcomes with 95% confidence interval. Baseline characteristics were similar between the short and long segment fixation groups. No significant difference was identified between the two groups regarding radiological outcome, functional outcome, neurologic improvement, and implant failure rate. The results of this meta-analysis suggested that extension of fixation was not necessary when thoracolumbar burst fracture was treated by posterior pedicle screw fixation. More randomized controlled trials with high quality are still needed in the future.
Introduction
Thoracolumbar vertebral body fractures are common spinal injuries, and fractures of burst type account for 21% to 58% of all thoracolumbar spinal fractures. Thoracolumbar burst fractures, frequently associated with kyphotic deformity and neurological deficit, are very common in younger patients and could have a great impact on their daily physical activities. However, there is still controversy regarding the ideal management for these injuries [1] [2] [3] .
Treatment goals for thoracolumbar burst fractures include restoration of spinal stability and alignment, correction of kyphotic deformity and decompression of the spinal canal. For achievement of these desired results, most authors believe that burst fractures require surgical intervention; however, controversy with regard to treatment continues [4] [5] [6] .
Various surgical techniques, including posterior short segment or long segment pedicle screw fixation, direct anterior decompression through corpectomy, and combined methods through anterior and posterior spinal approaches, have since arisen for treatment of thoracolumbar burst fractures [7] [8] [9] . However, the decision of surgical methods still remains controversy [10, 11] .
Also, the ideal treatment for thoracolumbar burst fractures is controversial regarding the use of short or long posterior fixation constructs [12] [13] [14] [15] .
Long posterior fixation with pedicle screws and rods two-levels above and below the fracture level provide better fixation; however, it results in potentially extraneous instrumentation and increased load on the lower discs [16] .
On the other hand, short posterior fixation using pedicle screws with interconnected rods one-level above and below the fracture level not only limits the number of fused segments, but also prevents excessive loads on the adjacent discs. However, reports on the use of short posterior fixation for burst fractures describe high rates of failure in fixation and kyphotic collapse [17, 18] .
Several trials have been conducted comparing the clinical and radiological efficacy of posterior short segment fixation versus posterior long segment fixation [9, 13, [19] [20] [21] [22] [23] . The objective of this meta-analysis was to identify and summarize the evidence from randomized controlled trials on the effectiveness of number of fixed spine segments for thoracolumbar burst fractures.
Materials and Methods

Search strategy
Electronic searches of MEDLINE, EMBASE, the Cochrane Central Register of Controlled Trials and other internet databases were performed to identify trials according to the Cochrane Collaboration guidelines [24] . We screened the title and abstract by combining the term "([short* OR long*] AND segment*) AND ( There was no language restriction. A comprehensive search of reference lists of published articles was also performed to ensure inclusion of all possible studies. Unpublished data were not reviewed.
Selection criteria
Trials with the following characteristics were included: (1) randomized, quasi-randomized or controlled clinical trials, (2) patients without confirmed pathological thoracolumbar burst fractures based on computed tomography and plain radiographs, (3) adult patients (≥18 years), (4) comparison of the short segment fixation and long segment fixation of surgical management, (5) Over 24-month follow-up, and (6) full-text articles.
We excluded articles that were duplicate reports of earlier trials or post hoc analyses of randomized controlled trial data and articles whose full text we were unable to acquire.
Data extraction
Data were collected based on following categories where available. (1) Basic characteristics, including study design, inclusion/exclusion criteria, age, sex, enrolled number, and follow-up rate. (2) Injury information, consisting of classification and location of fracture, neurological status, preoperative spinal canal compromise, preoperative kyphotic angle, preoperative decreased vertebral body height. (3) Surgical information, such as fixed levels (short or long segment fixation), type of internal fixation and spinal canal decompression information. (4) Primary outcomes, including correction of kyphotic angle and sagittal index, functional outcome, and implant failure as a complication.
Statistical analysis
Both baseline characteristics and surgical outcomes were pooled and analyzed. Meta-analysis was performed using Review Manager ver. 5.3 software (Cochrane Collaboration, Oxford, UK). Risk ratios were calculated for binary outcomes and standard weighted mean differences for continuous outcomes, along with 95% confidence intervals (CI). The level of significance was set at p=0.05. Heterogeneity was evaluated using the χ 2 test and I 2 statistics
(considered significant when p-value for χ 2 test, 0.10 or I 2 >50%). Fixed-effect models were applied unless statistical heterogeneity was significant, in which case randomeffect models were used. Through subgroup analysis, we investigated the influence of study design and fixed levels (short or long segment fixation) on pooled estimates.
Results
Study characteristics
The search strategy identified 217 potential studies from the databases. 208 papers were excluded according to our inclusion criteria. No additional studies were obtained after reference review. Finally, nine trials including were selected and analyzed [9, 13, [19] [20] [21] [22] [23] 25] (Fig. 1 ). These studies involved 365 patients, 201 patients in the short segment group and 164 patients in the long segment group (Fig. 2) . The majority of the included trials were small studies with between 12 and 69 participants. The patients' characteristics were comparable within each study group. Individual patient data were available from these articles. This did not include data for those lost to followup. There were no between-group differences in gender, mechanism of injury, level of fracture or length of followup.
Results of data analysis
1) Radiographic outcomes (1) Anterior vertebral height Data regarding anterior vertebral height were available in all studies with a total of 365 patients. The fixed-effects model was applied to determine the preoperative anterior vertebral height between the two groups (heterogeneity: I 2 =92%). The pooled risk difference was -0.05 (95% confidence interval [CI], -0.19 to 0.30; p<0.67) for patients in the short segment group compared to the long segment group, suggesting that there was no significant difference between these two treatment groups in terms of anterior vertebral height (Fig. 3) .
(2) The Cobb angle The Cobb angle was reported in all studies except one [25] : those studies reported postoperative Cobb's angle (short segment group, 195; long segment group, 158). Pooled data of the random-effects model from the relevant studies revealed no significant difference (CHI 96.76, p=0.67 >0.05) and significant heterogeneity: I 2 =92%. However, no between-group difference was found in the Cobb angle (p<0.00001). The pooled standard mean difference was -0.04 (95% CI, -0.26 to 0.18; p>0.01) for patients in the short segment fixation compared to the long segment fixation group, suggesting that there was no significant difference between these two treatment groups postoperative Cobb's angle correction (Fig. 4) . Six studies reported the final follow-up Cobb's angle Fig. 8 . Standard mean difference estimate at final follow-up for sagittal index in six relevant studies.
-100 -50 0 50 100 Short segment fixation Long segment fixation 2) Clinical outcomes Five studies [13, 20, 22, 23, 26] evaluated neurological and functional recovery. Oswestry disability score was used in 4 studies [1, 20, 22, 23] (Fig. 9) , Denis work and pain scales were used in two studies [1, 13] (Figs. 10, 11 ) with total number of 216 patients (109 in short segment fixation group and 92 in long segment fixation group).
The fixed-effects model was applied to compare the preoperative or postoperative clinical scores between the two groups but was accompanied by high heterogeneity (Tau 2 =0.94, CHI 2 =12.60). The cause of heterogeneity was investigated by subgroup analysis and sensitivity analysis but could not be ascertained. Finally, a randomeffects model was applied. Pooled data of postoperative disability index did not reveal any significant difference (standardized mean difference, 1.44; 95% CI, 0.66 to 3.15;
p=0.36>0.05) and high heterogeneity: I 2 =68% (Fig. 12) .
No significant differences were detected between the two groups (p=0.01).
3) Implant failure The incidence of implant failure was documented in all studies except two [23, 26] with a total of 13 patients from 328 patients (10 in short segment group and 3 in long segment group). The fixed-effects model was applied to compare implant failure rate at the end of follow-up between the two groups. The risk ratio of implant-related complications of short segment fixation versus long segment fixation was 0.09. This comparison showed no significant difference between the two groups (p=0.52) and heterogeneity: I 2 =93%, CHI 2 = 88.40 ( Fig. 13 ). 
Discussion
Posterior transpedicular screw fixation initially was reported by Boucher [27] in 1959. Since then, modern instrumentation systems have been developed. These systems control segmental motions in three dimensions, preserve motion segments, avoid long fusions, and provide a more stable construct [28] . As with all surgical implants; transpedicular screw instrumentation maintains reduction until bony union is achieved. Short-segment posterior fixation is the most common and simple treatment, offering the advantage of incorporating fewer motion segments in the fusion [7, [29] [30] [31] . A review of the literature showed that Short-segment posterior fixation alone led to a 9%-54% incidence of implant failure and re-kyphosis in the long-term follow-up, and 50% of the patients with implant failure had moderate-to-severe pain [18, 29] . To prevent this, several techniques have been developed to augment the anterior column in burst fractures, such as transpedicular bone grafting [32] , polymethyl methacrylate injection, anterior instrumentation and strut grafting, or long-segment posterior fixation [11, 28, 33, 34] . Although short segment pedicle instrumentation has been considered as a superior method, several studies showed that short segment pedicle instrumentation had a high rate of failure. In their report of early failure of short segment pedicle fixation for thoracolumbar burst fracture noted three kinds of hardware failure with this fixation: progressive kyphosis secondary to the bending of screws, kyphosis secondary to osseous collapse or vertebral translation without bending of the hardware, and segmental kyphosis after a caudad screw in the lumbar construct broke. And they noted that untreated anterior instability, and pre-stressing of the screws when the rods Fig. 13 . Risk ratio estimate for implant failure at final follow-up.
were contoured in situ, resulted in a high rate of failure [17, 18, 35, 36] . Altay et al. [13] reported that use of four pairs of screws (two above and two below) to lengthen the level arm of the construct would probably not only enhance the stability but also allow effective reduction of kyphotic deformity. Short segment posterior fixation alone can give good clinical and radiological outcomes for certain fractures in the thoracolumbar junction. Thus, it is important to detect fractures for which short-segment posterior fixation would be sufficient without leading to implant failure and correction loss and without the need for anterior column support [13] . Tezeren and Kuru [9] , in their study comparing short segment versus long segment fixation in thoracolumbar burst fractures, demonstrated that long segment instrumentation is an effective way to manage thoracolumbar burst fractures. Short segment pedicle instrumentation had a high rate of failure. However, long segment instrumentation prolonged the operative time and increased the amount of blood loss significantly.
de Peretti et al. [32] suggested that fixation by screw and hook constructs, gripping the two vertebrae above the lesion and screws and hooks gripping the first vertebra below the lesion, was an effective way to stabilize thoracolumbar junction burst fractures. Carl et al. [37] also reported that segmental transpedicular fixation two levels above the kyphosis should be used at the thoracolumbar junction where compressive forces act more anteriorly. Therefore, they prefered to put the pedicle screw two levels above the fracture site in order to prevent progressive kyphosis as well as hard ware failure. On the other hand preferring one level fixation distal to fracture site was to preserve the motion segment as much as possible in the lumbar level. Butt et al. [38] , reported success of short segment pedicle screw fixation in thoracolumbar burst fractures; however, the 40% (20 out of 50 patients) hardware failure rate that they reported is worrisome. Gurr and McAfee [39] found that two-levels above and below the injured level in an unstable calf spine model provided more stiffness than the intact spine. In the present study, hybrid and long posterior fixation significantly improved stability compared to intact and injured conditions in all loading modes. Furthermore, both fixations provided better stability compared to short posterior fixation. Therefore, long posterior fixation appears to be an effective way of managing thoracolumbar burst fractures [39] . Peters et al. [40] , in their biomechanical study comparing short segment versus long segment fixation, found that long posterior fixation was the stiffest with and without anterior column augmentation in all loading conditions. The use of screws two above and two below has shown to not only enhance the stability but also allow effective reduction of kyphotic deformity [41] . However, short posterior fixation alone has also shown to provide good clinical and radiological outcomes for certain fractures, particularly in the more lordotic middle and lower lumbar spine, where the compressive forces act more posterior. Katonis et al. [6] found that one-level above and one-level below the fracture in the lumbar area formed a rigid construct with no correction loss.
In this study, we performed meta-analysis comparing patients treated with posterior approach using pedicle screw short segment fixation with those treated with pedicle screw long segment fixation to study the effectiveness of fixation in preventing postoperative development of kyphosis and hardware failure and also for evaluation of clinical improvement. To our knowledge, this is the first quantitative comparative meta-analysis study comparing short and long segment pedicle screw fixation for the treatment of thoracolumbar burst fractures.
The most important purpose of the surgical management of thoracolumbar fractures is to minimize the change in the patients' lives. Pain relief and radiological correction are major outcome criteria for surgical treatment of thoracolumbar burst fractures from the patients' perspective [42] . Denis pain and work scale was used to assess the improvement of back pain in posterior short segment fixation or posterior long segment fixation treated patients during the follow-up periods which ranged from 22 to 71 months [1, 23] . Long-term pain relief significantly improved in both treatment groups in all studies. While a major aim of this meta-analysis was to determine which treatment group provided the best long-term pain relief for the treatment of thoracolumbar burst fractures, all studies together indicated that long-term pain relief appeared comparable between the two techniques. Among the included studies, the results showed that there was no significant difference in pain reduction between the two groups.
Our study suggests that although there was no difference in kyphosis between short segment fixation and long segment fixation groups at last follow up, progression of kyphosis occurs in both groups. Xu et al. [43] reported that much of this progression also appears to occur in the initial period after injury.
Although there were ten "events" in the short segment fixation group and three events in the long segment fixation group, our results showed that the incidence of implant failure did not differ between the two groups. We acknowledge some limitations of the literature and our review. First, although several relevant trials have been published, the majority were small and of low quality. Few comparative trials satisfied our inclusion criteria, including nine articles. As a result, we could not perform subgroup analysis because the information required was unavailable. We could not perform subgroup analysis based on burst fracture type as the information required was unavailable in almost all included studies. Second, the heterogeneity of the study populations in terms of complications and therapeutic options posed additional challenges in evaluating the individual therapeutic options. This clinical heterogeneity, combined with the small sample sizes of the included studies, resulted in high I 2 values for our pooled results for pain scale, Cobb angle and implant failure. Third, the use of variable outcome measures and suboptimal reporting, often at nonstandardized intervals, further undermined informed decision-making. Lastly, we must mention that the selection of the surgical approach for the treatment of thoracolumbar fractures should be individualized because many factors influence this choice. Despite these reservations, our review incorporates an individual patient data meta-analysis of studies comparing posterior short segment pedicle screws fixation and long segment pedicle screws fixation management of patients with thoracolumbar burst fractures, and we believe reflects the best evidence currently available. As such, this review hopefully will facilitate greater evidencebased practice and quality management.
Conclusions
The results of this meta-analysis showed that in the surgical management of thoracolumbar burst fractures through posterior approach, the short segment pedicle screws fixation was not significantly different to the long segment pedicle screws fixation in terms of improvement of back pain and return to work and also in correction of kyphotic deformity.
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